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REMARKS 

Claims 61 and 70-93 are pending in this Application. The Applicant has 
cancelled claims 62-69 without prejudice to the right to pursue the subject matter of these 
claims in this or other applications. Applicant has added new claims 70-93 which more 
clearly define the subject matter of the invention and properly fall within the subject 
matter of the elected claims. Support for newly added claims 70-93 is found throughout 
the specification, in particular in canceled claims 62-69, in originally filed claims 15 and 
16, and in paragraphs [0120] to [0124] as well as paragraphs [041 1] and [0412]. No new 
matter has been entered. 

Objections 
112, 2 nd paragraph 

Claims 63, 64, 65, 66, 67, and 68 are rejected under 35 U.S.C. 1 12, second 
paragraph, as being indefinite for failing to point out and distinctly claim the subject 
matter which the Applicant regards as the invention. More particular the phrase 
"unfractionated samples of lysed blood" has been objected to. 

Claims 63, 64, 65, 66, 67, and 68 have been cancelled by the Applicant, see 
above. However, the Applicant respectfully traverses the rejection as it would apply to 
any of the newly added and/or amended claims. Applicant notes that the many 
embodiments of blood samples disclosed in the specification do not render the referenced 
phrase indefinite. However, for the purposes of expediting prosecution, Applicant has 
deleted the phrase "unfractionated samples of lysed blood" from the pending claims, and 
replaced it with the phrase "unfractionated cells of a lysed blood sample", as noted in 
newly added claims 75, 76, 77, 81, 82 and 83. The phrase "unfractionated cells of a 
lysed blood sample" is supported, for example, by Example 5, paragraph [0228] of the 
' published application US20040241727 (hereinafter the "Published Application"), which, 
as noted in the instant office action, includes a centrifiigation step after lysis whereby the 
resulting pellet containing RNA is then further utilized for quantitative PCR. 
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In view of this amendment and remarks clarifying the claimed embodiments, 
Applicant respectively requests that this rejection be reconsidered and withdrawn. 

112,1 st paragraph, written description 

Claim 63, 64, 65, 66, 67, and 68 are rejected under 35 U.S.C. 1 12, first paragraph 
as failing to comply with the written description requirement. 

The office action states that the limitation "unfractionated samples of lysed blood" 
appears to be new matter. Applicant traverses the rejection, but has removed the 
referenced phrase from the pending claims, solely for the purposes of advancing 
prosecution. 

In view of this amendment and remarks, Applicant respectively requests that this 
rejection be reconsidered and withdrawn. 

112,1 st paragraph, enablement 
Claims 61-69 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to 
comply with the enablement requirement. 

The Applicant respectfully traverses the rejection. 

Nature of the Invention and Scope of claims 

The office action states: 

"the independent claim, as written, states that a comparison of a human test subject 
BTG2RNA level in a blood sample to a control indicates that schizophrenia is present in the test 
subject" 

u the claims are extremely broad because they require set forth that any or all 
comparisons between a test subject and RNA level from "control subjects" is indicative of 
disease." 

and "control subjects would could encompass patients with schizophrenia, healthy 
patients, patients with some other disease, such as depression or rheumatoid arthritis or multiple 
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sclerosis, and set forth that the comparison alone is sufficient to indicate schizophrenia, no matter 
the result of the comparison " 

see p. 4 and p. 5 of the office action dated March 30, 2007 (hereinafter the "Office 

Action") 

The Applicant respectfully disagrees that any comparison is sufficient to indicate 
the presence of schizophrenia in the test subject particularly in light of the newly 
amended claims. The Applicant has amended claim 61 (and corresponding independent 
claims 70 and 71) so as to require that the comparison of the level of BTG2 RNA in the 
blood sample of the test subject, with the level in blood of control subjects having 
schizophrenia, results in a "statistically significant similarity" before there is considered 
to be an indication of schizophrenia in the test subject. Newly added claim 72 (and 
corresponding independent claims 73 and 74) require that there be a comparison of the 
level of BTG2 RNA in the test subject with the level in both (i) control subjects not 
having the schizophrenia and (ii) control subjects having the schizophrenia. 
Furthermore, the comparison must result in (i) a "statistically significant similarity" 
between the level of RNA in the blood sample of the test subject as compared with the 
level of RNA in blood of the control subjects having schizophrenia and (ii) a 
"statistically significant difference" between the level of RNA in the blood sample of the 
test subject, and the level of RNA in blood of the control subjects not having the 
schizophrenia, in order to be indicative of the schizophrenia in the test subject. Newly 
added claim 64 (and corresponding independent claims 67 and 70) similarly require that 
there be both a "statistically significant difference" between the level of RNA in the 
blood sample of the test subject and the level of RNA in blood of healthy control subjects 
and a "statistically significant similarity" between the level of RNA in the blood sample 
of the test subject and the level of RNA in blood of control subjects who have the 
schizophrenia. 

Thus the "control subjects" do not necessarily encompass patients with 
schizophrenia, healthy patients, or patients with some other disease, such as depression, 
rheumatoid arthritis or multiple sclerosis, as suggested at p.5 of the Office Action. 
Rather the control subjects are selected to either have the schizophrenia, not have the 
schizophrenia or are healthy control subjects. Furthermore, the comparison alone, no 
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matter the result of the comparison, is not sufficient to indicate schizophrenia as 
suggested at p. 5 of the Office Action. Instead, the comparison of the levels of the test 
subject with at least one set of the defined control subjects must result in a significant 
similarity, and in some cases, the test subject is being compared both with a negative and 
a positive control and a determination of a significant similarity with the positive control 
(ie having schizophrenia) and a significant difference with the negative control (ie not 
having schizophrenia) results in the determination that is indicative of schizophrenia in 
said test subject. Furthermore, the similarity or difference must be one with a statistical 
degree of significance, as determined by the many statistical techniques widely used in 
assessing the use of specific biomarkers in diagnosis, including those statistical 
techniques referenced in the instant specification, and incorporated by reference. 
Therefore the methods as outlined in the independent claims do not permit "any level and 
direction of difference in gene expression between the tested subjects is indicative of 
disease" as suggested at p.5 of the Office Action. 

Differential Expression 

The office action states that the claims do not "set forth the direction of the 
difference necessary to indicate schizophrenia" (p. 5 of the Office Action) and suggests 
that without providing this information, the mere observation of differences is an 
unpredictable indicator of schizophrenia. 

The Applicant respectfully submits that the invention is taught in such terms that 
one skilled in the art can make and use the claimed invention, including the use of the 
elected biomarker BTG2, as an indicator of schizophrenia, without claiming the direction 
or the level of difference that must exists between patients having schizophrenia and 
individuals not having schizophrenia. The Applicant has identified the elected gene 
BTG2 as differentially expressed as between individuals diagnosed as having 
schizophrenia and individuals not having schizophrenia by demonstrating a statistical 
difference in the level of RNA, as described in Example 27. The statistical significance 
of BTG2's differential expression is evidenced by its p value of 0.0076 as listed in Table 
3Y, acknowledged by the Office Action (p. 6). The Applicant has also disclosed that the 
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level of expression of BTG2 RNA in patients having schizophrenia is on average 2.46 
fold greater than the level of expression of BTG2 RNA in healthy control patients, as 
further acknowledged by the Office Action (p.6). Therefore the Applicant has taught that 
there is a significant difference in differential expression for BTG2 as between a 
population of individuals having schizophrenia and a population of healthy individuals, 
and further has taught to compare the level of expression of BTG2 in a test individual 
with populations having schizophrenia, and populations not having schizophrenia using 
classification methods to determine the similarity or difference in gene expression levels 
as between the test subject and the tested populations (see paragraphs [0134] to [0137]; 
[0410] to [0412] and [0559] to [0561]. All of the claims require that the level of 
expression of RNA corresponding to BTG2 be compared with the level of BTG2 in other 
individuals who have schizophrenia and require, at minimum, a statistically significant 
similarity as between the test subject and control subjects having schizophrenia before the 
level of gene expression of BTG2 is considered to be indicative of schizophrenia. 

Furthermore, the Applicant contends that the difference in direction and/or the 
fold change difference does not need to be included as a limitation within the claims to 
enable the claimed invention. It does not require undue experimentation for one of skill 
to measure a population of individuals having schizophrenia and population of 
individuals not having schizophrenia and determine what constitutes a statistically 
significant difference and a statistically significant similarity by following the methods as 
outlined in the Published Application. Given the widely established and validated 
analytical tools for analyzing gene expression levels, and the reduction to practice of the 
similar experiment within the Published Application, this type of experimentation 
qualifies as routine experimentation and therefore is not undue (The test is not merely 
quantitative, since a considerable amount of experimentation is permissible, if it is merely 
routine, or if the specification in question provides a reasonable amount of guidance with 
respect to the direction in which the experimentation should proceed." 1 In re Wands, 858 
F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988) (citing In re Angstadt, 537 F.2d 
489, 502-04, 190 USPQ 214, 217-19 (CCPA 1976)). 
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The Office Action also states that claims which include control subjects who do 
not have schizophrenia are problematic because the control group can be inclusive of 
individuals who have manic depression syndrome, and for this embodiment, "the 
specification does not provide information about an essential aspect of the invention, 
namely, the nature of the difference in expression that was observed between 
schizophrenia patients and manic depression syndrome patients". 

The fact that Applicant discloses that the BTG2 gene is also differentially 
expressed as between individuals having schizophrenia and individuals having manic 
depression syndrome is not detrimental to either the value or enablement of the use of 
BTG2 gene as a biomarker which is indicative of schizophrenia. In accordance with 
claims 71, 73 and 76, the comparison of a test subject having schizophrenia with control 
subjects not having schizophrenia (even if this control population is solely made up of 
individuals having manic depression) will demonstrate a statistically significant 
difference and a statistically significant similarity with control subjects having 
schizophrenia. The comparison of a test subject who has manic depression syndrome, 
however, will not demonstrate a statistically significant difference as compared with 
control subjects not having schizophrenia (if this control population is made up solely of 
individuals having manic depression) and will also not demonstrate a statistically 
significant similarity with control subjects having schizophrenia. Thus, the requirement 
within the claims of a statistically significant similarity as between the test subject and 
control subjects having schizophrenia ensures that the level of expression being detected 
is selectively indicative of schizophrenia and not any other disease condition. The fact 
that the Applicant has demonstrated that BTG2 is differentially expressed in a statistically 
significant manner as between individuals having schizophrenia and individuals having 
manic depression syndrome as is evidenced by the p value of 0.0013 is merely further 
evidence that the level and/or direction of expression in patients with schizophrenia 
would not be statistically similar to the level of expression in patients with other non- 
related diseases. 
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Specificity of the Elected Biomarker 

The Office Action states that the "specification does not establish that any 
particular level of expression of BTG2 (relative level or raw level) is sufficient to 
DETECT schizophrenia to the exclusion of other disorders, which is encompassed by 
the instant claims" (p.7-8 of the Office Action). The Office Action cites Dangond et al. 
(US2004/00 18522) as demonstrating that "BTG2 is differentially upregulated in blood of 
patients with MS versus a group of controls that include healthy patients and patients 
with ALS (amyotrophic lateral sclerosis)" (p. 8 of the Office Action) and further cites 
Pittman et al. (US2003/01 54032) as demonstrating that BTG2 is upregulated 2.15 fold in 
the blood of patients with rheumatoid arthritis versus healthy controls" (p.8 of the Office 
Action). Thus the Examiner suggests that in order for the claims to be enabled, BTG2 
must be a biomarker which is unique to schizophrenia to the exclusion of all other 
biomarkers. 

The Applicant respectfully disagrees that the claims require that BTG2 be 
sufficient to detect schizophrenia to the exclusion of all other disorders. The use of a 
biomarker as an indication of disease, is typically just one aspect of a multi-factorial 
process used for diagnosing the patient with the disease. For example, as noted in 
Stedman's 27 th Edition Medical Dictionary, "indication" is not equated with "diagnosis". 
The term 'Indication " is understood to mean "the basis for initiation of a treatment for 
a disease or of a diagnostic test" (p. 892). Even a "diagnostic test" is not considered to 
result in an absolute certainty of a diagnosis - but rather is noted as "relating to or 
aiding in diagnosis". As noted in Harrison's Principles of Internal Medicine, 
Introduction to Clinical Medicine "the purpose of performing a test on a patient is to 
reduce uncertainty about the patient's diagnosis or prognosis and to aid the clinician in 
making management decisions" (Ch I, pg. 11). This same text further notes that while "a 
perfect test would have a sensitivity of 100% and a specificity of 100% and would 
completely separate patients with disease from those without it. . .there are no perfect 
tests, after every test is completed the true disease state of the patient remains uncertain" 
(Ch I, pg. 11). Therefore, the possibility that a person with, for example, rheumatoid 
arthritis might be mischaracterized as having schizophrenia, although highly unlikely as 
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described below, does not detract from the utility of the biomarkers as an indication of 
schizophrenia. Rather such a hypothetical result would merely reduce the specificity of 
the biomarker, without affecting the sensitivity. 

The amended claims all require that the level of expression of the test subject be 
compared with the level of expression of individuals having schizophrenia and the 
comparison result in a statistically significant similarity to be indicative of schizophrenia. 
Therefore, in order for the test to incorrectly indicate the presence of schizophrenia in a 
test individual, there must be another disease state which results in a statistically 
significant similarity in the level of expression as compared to schizophrenia. Neither 
Pittman et al., nor Dangond et al. demonstrate that there is a statistically significant 
similarity as between levels of expression of BTG1 in subjects having schizophrenia as 
compared with subjects having rheumatoid arthritis, amyotrophic lateral sclerosis, or 
multiple sclerosis. 

With respect to Pittman et al., although Pittman et al. suggests a 2.1 fold increase 
in expression of BTG1 RNA in blood samples of individuals having rheumatoid arthritis 
as compared with normal individuals, the Applicant notes that the blood samples used by 
Pittman et al. are fractionated blood samples, such that RNA is isolated only from 
PBMCs (peripheral blood mononuclear cells) (see paragraph [0319] to [0320] in 
US2003/01 54032). This is in contrast to the experiments performed by the Applicant 
which utilize RNA from blood samples which include all RNA expressing cells 
(paragraph [0410] of the Published Application). As noted in post-filing reference Du et 
al., each of the blood cell types can provide its own unique contribution towards a 
measured level of expression as between disease and control subjects ("several blood 
RNA isolation methods have been used to date. . .however, the RNA isolated using these 
methods comes from various blood cell subsets that originate from different 
developmental lineages, perform separate and distinct biological functions, and, most 
likely, have very different genomic expression signatures" (see p. 701, 1st column of Du 
et al.)), therefore it is not known what the level of difference in expression would be in 
whole blood when comparing rheumatoid arthritis to control individuals. 
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Dangond et al. does not indicate the fold change level of differential expression as 
between patients having MLS and patients who are normal, or who have ALS, however 
Dangond notes that there is a difference of expression as between even the closely related 
diseases of MLS and ALS (see Table 8, page 27 of US2004/00 18522, left column, item 
6) suggesting that the expression levels of BTG2 are disease specific. This is further 
supported by the Applicant's own experiments which note a difference of expression for 
BTG2 as between schizophrenia and manic depression syndrome. 

Based on the above, the Applicant has demonstrated that it is highly unlikely that 
the level of expression of BTG2 will be statistically similar between patients having 
schizophrenia and patients having rheumatoid arthritis or multiple sclerosis. Irrespective, 
however, the Applicant notes that even if rheumatoid arthritis or multiple sclerosis 
patients do demonstrate a statistically significant similarity in levels of RNA as compared 
with schizophrenia patients, at worst this would merely result in the BTG2 biomarker 
having a reduced specificity, which does not affect either the utility or the enablement of 
the marker. 

Predictability 

The Office Action suggests that "observing differences in expression between two 
populations is a highly unpredictable endeavor" (p.7 of the Office Action) and cites 
Iwamoto et al. as teaching that "expression profiling in psychiatric fields have been 
notoriously discordant" (p.8 of Office Action); Tsuang et al. as cautioning that "results 
must be interpreted with caution given several limitations including small sample size" 
(p.8 of the Office Action) and Vawter et al as teaching "genes that are significant by a t- 
test may not exceed the threshold for fold of change to be considered above background 
expression" (p.9 of the Office Action). 

Applicant respectfully indicates that neither Iwamoto et al., nor Tsuang et al., 
refer to any studies which contradict the relevant teachings of the specification. Vawter 
et al., similarly, does not provide any teachings relating to BTG1 expression. Secondly, 
with respect to use of blood samples, as relates to the instant claims, Iwamoto et al. 
merely addresses the issue of discordance in experimental results which are due to 
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technical differences in the way experiments are performed between different studies 
performed by different researchers. Iwamoto et al. does not suggest that experimental 
results obtained from blood samples, including those described in the specification and in 
Tsuang et al. are invalid. Iwamoto et al., in fact, teach that in contrast to the blood-based 
instant claims, studies performed using brain tissue are particularly prone to 
inconsistencies due to additional factors specific to post-mortem brain tissue sampling, 
such as poor quality RNA and high anatomical/cellular heterogeneity of samples (e.g. 
Table 1). In the case of Vawter et al., Applicant wishes to point out that the cited 
passages relating to data inconsistencies in fact refer to pre-Vawter et al. studies which 
were performed using samples of pre-frontal cortex and which suffer from the drawbacks 
of using post-mortem brain samples which, similarly to those described by Iwamoto et 
al., include high variability in mRNA integrity and anatomical/cellular heterogeneity of 
samples. Vawter et al. at p. 42 in fact teaches that use of blood samples overcomes the 
inconsistencies particular to use of post-mortem brain tissue samples, and thereby in fact 
supports Applicant's position that the instant claims are enabled. 

Applicant respectfully submits that the ordinarily skilled artisan will know to 
follow the comprehensive technical guidance provided in the specification (refer, for 
example, to the Examples section of the specification) so as to avoid the discordance 
issues raised by Iwamoto et al. Applicant additionally points out that Iwamoto et al. 
concludes at the last paragraph with the following statement, strongly supporting 
Applicant's position that the instantly claimed methods should be presumed enabled: 
"Despite the fact that multiple confounding factors complicate the findings in gene 
expression profiling in the clinical samples, it is one of the strongest methodologies to 
reveal the molecular basis of mental disorders, and its importance cannot he 
overemphasized." 

With respect to Tsuang et al., the Examiner states that this reference cautions that 
the results set forth in the specification must be interpreted with caution due to various 
potential limitations. Applicant respectfully submits, however, that the preponderance of 
the teachings of Tsuang et al. are nevertheless clearly in favor of experimental data 
similar to that disclosed in the current Application, as being reliable. In particular, 
Tsuang et al. clearly teaches that the results are most likely reliable despite the limitations 
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cited by the Examiner, in accordance with the citation: "Despite these limitations, this 
work demonstrates the potential utility of blood-based RNA profiling as a diagnostic 
tool..." (concluding paragraph of Tsuang et al.). Applicant further submits that the 
experimental results disclosed in Tsuang et al. should enjoy a strong presumption of 
validity in view of this reference being a high-level and peer-reviewed academic 
publication. Applicant wishes to point out that the cautionary statements set forth in 
Tsuang et al. which were cited by the Examiner clearly represent a maximally 
conservative interpretation of the data, in line with the maximally conservative standards, 
for example, of the U.S. FDA. The Applicant respectfully indicates that it is improper to 
incorporate the standards for use by the FDA for purposes of determining patentability 
(see for example Application of Anthony, 56 C.C.P.A. 1443, 414 F.2d 1383, 162 
U.S.P.Q. (BNA) 594 (1969); "We believe that Congress has recognized this problem and 
has clearly expressed its intent to give statutory authority and responsibility in this area to 
Federal agencies different than that given to the Patent Office. This is so because the 
standards established by statute for the advertisement, use, sale or distribution of drugs 
are quite different than the requirements under the Patent Act for the issuance of a 
patent." 

With regards to the teachings of Vawter et al., the Applicant respectfully submits 
that Vawter et al. does not teach that significance as determined by t-test and fold change 
must both be considered for the gene to be differentially expressed. Namely, Vawter et 
al. at page 44, second column, teaches assignment of three independent scores for each 
gene depending on gene expression levels of samples and controls: classification of 
expression levels for both samples and controls as being above-background or not; fold- 
change in expression levels between samples and controls; and the p-value (t-test) for 
differential expression between samples and controls. Vawter et al. then classifies genes 
that satisfy the following arbitrary criteria as being differentially expressed between 
sample and control: classification of expression levels of both samples and controls as 
being above-background; p<0.05; and fold-change in expression levels between samples 
and controls of at least 1 .4-fold. As such, the passage cited by the Examiner merely 
indicates that among the set of genes differentially expressed with p<0.05 were 21 genes 
whose fold-changes in expression were below 1 .4-fold and whose expression levels were 
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below background. The Applicant submits that the fold-change criterion according to 
which Vawter et al. teaches that a gene is differentially expressed is purely arbitrary and 
should not be interpreted as a teaching that p value is not sufficient to demonstrate 
differential expression. Even so, however, the fold-change exhibited by BTG2 does 
exceed this arbitrary value. The Applicant also submits that elimination of raw 
expression level data which does not exceed background is a sufficiently elementary and 
basic procedure as to be routinely omitted from descriptions of gene expression analysis, 
as is the case with the current specification. Applicant considers that the discussion by 
Vawter et al. of data for genes whose expression levels in samples and controls are below 
background levels is highly unusual in the art, and does provide any meaningful teaching, 
as it is standard and basic procedure in the art to filter out such artifacts. 

As stated in the Manual of Patent Examining Procedure at 2164.03: the 
"predictability or lack thereof in the art refers to the ability of one skilled in the art to 
extrapolate the disclosed or known results to the claimed invention. In this case the 
disclosed result is a statistically significant difference in the level of BTG2 RNA as 
between individuals having schizophrenia and healthy individuals and a statistically 
significant difference in the level of BTG2 RNA as between individuals having 
schizophrenia and individuals having manic depression syndrome. The claimed invention 
requires a statistically significant similarity between the level of expression of BTG2 
between the test subject and individuals having schizophrenia so as to be indicative of 
schizophrenia in the test subject. One skilled in the art can readily anticipate that there is 
similarity as between the level of expression in the test subject and a level of expression 
in patients having schizophrenia - knowing that the level is significantly different 
between subjects having schizophrenia and subjects not having schizophrenia, then there 
is predictability in the art. 

In light of the amendments and above remarks, the Applicant contends that the 
claims are fully enabled, and respectfully request reconsideration and withdrawal of the 
instant rejection. 
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Conclusion 

Applicant submits that all claims are allowable as written and respectfully request 
early favorable action by the Examiner. No new matter is added. If the Examiner 
believes that a telephone conversation with Applicant's attorney/agent would expedite 
prosecution of this application, the Examiner is cordially invited to call the undersigned 
attorney/agent of record. 

Respectfully submitted, j^^QJo^ 

Date: ^; ^ ^ Oi^Ch Mitus? VlVft jUr? ) 

Namef Kathleen Williams / ^/ 
Registration No.: 34,380 
Customer No.: 29933 
Edward Angell Palmer & Dodge LLP 
P.O.Box 55874 
Boston, MA 02205 
Tel: 617-239-0100 
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Du et al. (2006) Genomic profiles for human peripheral blood T cells, B cells, natural 
killer cells, monocytes, and polymorphonuclear cells: Comparisons to ischemic stroke, 
migraine and Tourette syndrome) Genomics 87 693-703) 



BOSlll 12173623.1 



Application No. (if known): 10/812,731 Attorney Docket No.: 2055P(204231 ) 



Certificate of Express Mailing Under 37 CFR 1.10 



I hereby certify that this correspondence is being deposited with the United States Postal Service as 
Express Mail, Airbill No. EV756459975US in an envelope addressed to: 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



on July 2, 2007 



Date 



/ Signature ' 



Amy DeCloux 



Typed or printed name of person signing Certificate 

54,849 (617)439-4444 

Registration Number, if applicable Telephone Number 



Note: Each paper must have its own certificate of mailing, or this certificate must identify 
each submitted paper. 

Amendment/Reply 
3 references 
Return Receipt Postcard 
Amendment Transmittal 
Transmittal (1 page) 



BOS111 12173676.1 



Best Available Copy 



McGraw-Hill 

A Division of The McGraw-Hill Companies 



Note: Dr. Fauci and Dr. Longo's v/orks as editors and authors were 
performed outside the scope of their employment as U.S. government 
employees. n*es,e. works represent their personal and profe^sional^^ 
views and not necessarily those of fhe tJ.'S. government 1 : " s fU 



... a. . . . }4 ? 



? i M-few^ 

Harrisons f' % ^ 

PRINCIPLES OF JM^A&M$ijmi* ^ ^wHj ^ 

FmeeirthEdOffion 5 '--^ A.- . ^^{::S3tfti 

V'tf ■ " >/i ? I" ' ^.v' ••' 3y 4$ 

copyright © 2ooi4M : ^ sy'fc t9^fi^hm>:f^04 t im tifyW^ t$:'*Z 

196^ 1958 by !TteMcGr<r^ 

United States of America. Except as penra *' ' 

of 1976, no part of this publication may be reproduced or distributed m say form or 
by any means, or stored in a data base or retrieval system, without the prior written 
pennission of the publisher. 

1234567890 DOWDOW 0987654321- 
1 :; ISBN 0-07-007272-8 (Combo)' - - v 
(WT7-007273-6* (Vol 1) 

. .Wr7-0072744(Vo!.2) ' ?. : ■" 

0-07^913686-9 (Set) r >4, v •„.......>/ \v : • 

FOREIGN LAN&UAGB EDITIONS ' ; ' 4 [ *' ; ' t . '* ! , ' . ' , ; ' 

Arabic CThirteenmEp^^ 1996) " \ ' \'; ' '. . i 

Chinese (Twelfth Editiohy^McGraw-Hin Book Company— Singapore © 1994 

Croatian (Thirteenth Edition)— Placebo, Spli^ Croatia . 

I^ch(Fourtt*nfo^ . V • "1 ,ii " i \\. i) '» 

German (Fourteenth IMition)— McGmw-HiU Publishing Co., Maidenhead, UK © 1999 .. 
Greek (FourteenlhiBdition) — Parissianos, Athens, Gjeece © 2000 f . 
Italian (Fourtecnni Edition)— McGraw-Htll.Libri Italia sii, Milan © 1999 
Japanese (Eleventh Edition)— Hh^olcawa-© 1991 ' ^ • 
Polish (Fourteenth Edition)— Czelej Piibhahing Ganpany, Lubin, Poland (est 2000) 
Portuguese (Fourteenth Edition)— McGraw-Hill Interamericana do Brasil Ltda © 1998 . . 
RoirtaitfaQ^rteenftEditi^ i . '- 

Spanish (Fourteenth Edition) — McGraw-Hill Interamericana de Espana, Madrid © 1998 
Turkish (Thirteenth Ep^<m>^McGraw-Hill Libri Italia stl (est 1996) 

This book was set in Times Roman by Progressive Information Technologies. The " • 
editors were Martin Wonsiewicz and Mariapaz Ramos Englis. The production director 
was Robert Laffier. The index was prepared by Irving C. TuKar. The text and cover" •' 
designer was Marsha Cohen/Parallelogram Graphics. 

R. R. Donnelley and Sons, Inc. was the printer and binder. 



» '. X"'. . 



Library of Congress Catalogrog-in-PubHcation Data 

Harrison^ principles of internal medicine — 15th ed./editors T Eugene Braunwald . . . [etal.]. p. cm. 
Includes bibliographical references and index. 

ISBN 0-07-913686-9 (set) — ISBN 0-07-007273-6 (v. I) — ISBN 0-O7-0072744-4 (v. 2) 

1. Internal medicine. I Braunwald, Eugene, date 
RC46H333 2001 
616— dc21 

00-063809 .: 




Senior Managing Editor: Maureen Barlow Pugh 

Managing Editor: Barbara Werner 

New Terms Editor: Thomas W. Filardo, MD 

Copy Editors: Peter Vf. Binns» Linda G. Francis, Raymond Lukens, Bonnie Montgomery 

Chief On-line Editor: Barbara LFefretti. 

On-Une Editors: Katbryn J. Cadle, Daxte Workman \" 

Proofreaders: Peter W. Binns; David A, Bloom, MD; Alfred J. Boftet, MD; Ted Burk; Regma Lavettt 
Davis; John A, Pay, Jr., MD, FCCP; Richard Diamahti; John H. Dirckx, MD; Thomas 
W. Filardo, MD; tinda G. Francis; John M. Last, MD, KRACP, FRCPC; Raymond 
Lukens; Kate Mason, CMT; Joan Sarchese 

Database Programmers: Dave Marcus, Lexi-Comp Inc., Hudson, OH 

Art Director: Jonathan Dimes 

Illustrations: Neil O. Hardy • 

Additional artwork by: Mary Anna Barrett-Dimes, 1 Kafhryn Born, Rob Duckwall, Timothy Hengst, 

Mikki Senkarik, Michael Schenk, Larry Ward 
Graphic preparation assistance: Susan Caldwell, Jennifer Clements, Thomas Dolan, Christina Nahira 
Design: Dan Pfisterer 

Copydght © 2000 Lippincott Williams & WUkins 
351 West Camden Street 
Baltimore, Maryland 21201-2436 USA 

Copyright © by William Wood and Company: 191 1, 1st ed; 1912, 2nded; 1914, 3rd ed; 1916, 4th ed+ 
1918, 5m ed; 1920, 6m ed.; 1922, ?th ed.; 1924, 8th ed.; 1926, 9m ed.; 1928, 10th ed.; 1930, 11th ed. 

Copyright©by Williams &Wilkins: 1933, 12m ed.; 1935, 13th ed.; 1939, 14th ed; 1942, 15th ed.; 1946, 
16th e<L; 1949, 17th ed.; 1953, 18th ed.; 1957, 19th ed; 1961, 20m ed/, 1966, 21st ed; 1972, 22ad ed.; 
1976, 23rd ed; 1982, 24th ed; 1990, 25th ed; 1995, 26th ed. 

All rights reserved This book is protected by copyright No part of mis book may be reproduced in any 
form or by any means, including photocopying, or utilized by any information storage and retrieval sys- 
tem without written permission from the copyright owner. 

Stedman's is a registered trademark of Lippincott Williams & Wffldns. 

The publisher is not responsible (as a matter of product liability, negligence or otherwise) for any injury 
resulting from any material contained herein. This publication contains information relating to general 
principles of medical care which should not be construed as specific instructions for individual patients. 
Manufacturers* product information and package inserts should be reviewed for current information, in- 
cluding contraindications, dosages and precautions. 

Database design by Lexi-Comp Inc., Hudson, OH 

Printed in the United States of America by World Color, Inc 

Library of Congress Cataloging-in-Publlcatlon Data 

Stedman, Thomas Lathrop, 1853-1938. 

Stedman's medical dictionary.— 27th ed 
p.j cm. 

ISBN 0-683-40007-X (regular) — ISBN 0-683-40008-8 (deluxe) 

1. Mediae— Dictionaries. I. Title: Medical dictionary. EL Title. 

[DNLM: 1. Medicine-- Dictionary— English. W 13 S812m 1999] 
R121 .S8 1999 
610'.3— dc21 

99-056094 



00 010203 0405 
12345 



Best Available Copy 



892 



indolica ci^ 




therapeutic t, the ratio of IX>» to ED**, used in quantitative 
comparison of drugs. 

thoracic U anteroposterior diameter of the thorax tiroes 100 di- 
vided by the transverse diameter of the thorax, syn chest L 
tibiofemoral L, the ratib obtained by multiplying the length of the 
tibia by 100 and dividing by the length of the femur, 
transversovtrtkal L, syn vertical i. 

tubaaHoopsomc l f me opsonic I calculated In relation to tuber- 
culous infection, with an actively growing culture of Mycobacte- 
rium tuberculosis or the strain of tubercle bacillus from the pa- 
tient being used in the test 

ultraviolet i, a daily i. issued by the US. National Weather 
Service tor many cities, forecasting the amount of dangerous 
ultraviolet light that will arrive at the earth's surface about noon 
the following day. 

uricoJyttc U the percentage of uric acid oxidized to allantoin 
before being secreted. 

vertical fi* the relation of the height to the length of the skull: 
(height x lOOyiength. sw height-length i., length-height L, trans- 
vcisavejiical L 

vital L, the ratio of births to deaths within a population during a 
given time. 

Volpe-Manhold t (V-MI), an index tor comparing the amount of 
dental calculus in individuals. 

volume U an indication of the relative size (e.g., volume) of 
erythrocytes, calculated as follows: hematocrit value, expressed as 
per cent of normal + red blood cell count, expressed as per cent of 
normal a volume L 

zygomaticoauricular L, the ratio between the zygomatic and the 
auricular diameters of the skull or head. 



in di can (in'di-kan). L Indoxyl P-r>glucoside from Indigofera 
species and Potygonlum tinaorium; a source of indigo, syn plant 
i. 2. 3-Indoxylsulfuric acid, a substance found (as its salts) in 
sweat and in variable amounts in urine; indicative, when in quan- 
tity, of protein putrefaction in the intestine (mdicamiriaX syn 
metabolic L, uroxanthtn. 
metabolic i, syn Indican (2). 
plant t, syn indican (1 ). 

indicanldro-sis (mMi-kan-i-dro'sis). Excretion of indioan in 
the sweat fmdican + O. hidr&s, sweat] 

in di cant (in'di-kant). L Pointing out; indicating. 2* An indica- 
tion; especially a symptom indicating the proper One of treatment 
[L. in-4ico r pres. p. -ans (-<mt), to poim out) 

in di can u ria (in'd^kan-ti're-a). An Increased urinary excretion 

* of indican, a derivative of indol formed chiefly in the intestine 
when protein is putrefied; indol is also formed during the putre- 
faction of protein in other sites. 
i in di ca tion (in-dr-ka'shiinX The basis for initiation of a treat- 
ment for a disease or of a diagnostic test; may be furnished by a 
knowledge of the cause (causal l.\ by the symptoms present 
(symptomatic U\ or by the nature of the disease (specific L). fJL. 
fr. ir^dlco, pp. -atus, to point out, fr. dico, to proclaim] 
off label t, use of a medication for a purpose other than mat 
approved by the FDAv - * • • 

in dica/tor Gir*di*kS-ter, -tor). 1. In chemical analysis, a sub- 
stance that changes color within a certain definite range of pH or 
oxidation potential, or in any way. renders visible the completion 
of a chemical reaction; eg., litmus, phenolsulfonphthalein. 2. An 
isotope that is used as a tracer. 3. The labeled substance whose 
distribution between reactants of a system is used to determine the 
amount of anajyte present (L. one that points out] . 
alizarin L, a solution consisting of 1 g sodium alizarin sulfonate 
dissolved in 100 mL distilled water, used as an i. for tree acidity 
in gastric contents. 

. clinical L, a measure, process, or outcome used to judge a particu- 
lar clinical situation and indicate whether the care delivered was 
appropriate.- 

health tt variable, susceptible to direct measurement that reflects 
the state of health of persons so a community. 



oxidation-reduction U a substance that undergoes a definite c6t>^ 
or change at a specific oxidation potential, syn redox L 
redox U syn oxidation-reduction i. ■ Jijj 

in di ces (m'di-sez). Alternative plural of index. 

In-di-elta ^n-de-elli). Old name for MadureUa, '.*%a 

in dlg e nous (ia-di/e-niis). Native; natural to the country 
region where found. [L. tndi$enus. born in tr. indu. withla ( 0 y>% 
form of w), + G. -gen, producing) ^ 

fa di ges tion (in-41-jes'chim). Nonspecific term for a variety yg'^ 
symptoms resulting from a failure of proper digestion and absam/i^ 
don of food in the alimentary tract 

add i., i. resulting from hypercWorhydria; often used by the Uity $ 
as a synonym for pyrosis. v]m 
fat t. f syn steatorrhea. , 
gastric L, sym dyspepsia. ' : . ;t|j 

nervous f ^ i. caused by emotional upsets or stress. . 

In di go tfn'dl-gS) [CX 73000]. A brae dyestuff obtained 
Indigo/era tinctoria, and other species of Indigofera (fan^s* 
Lcgurainosae); also made synthetically, syn indigo blue, tna^V£» 
tin. fL. indicum, tr. G. indikon, indigo, ntr. of hulikos, Indian] '>$\ 

In di go bine, syn indigo, V?fj 

In di go car mine [CL 73015]. A bine dye used for meaning 
ment of kidney function and as a special stain for Negri boditt^ 
syn sodium indigotin disulfbnnte. •, -y^ 

In dig O tin (in-dlg'6-tin, ln-d)-g5'tin). syN indiga ' ; A|| 

in di go u ria, iivdigurla <^'ot-g5-a'r6-aV ifwJi-goo're-a). i&M 
excretion of indigo in the urine. )vf$» 

in dis po si tion (in-dis-po-zish'fln). Illness, usually slight; waC^v! 
aise. fJL in neg. + disposltio, an arrangement, fir. dis-pono, $W 
-positus, m place apart] , 

in di am (In) (in'de-um). A metallic element, atomic na 4Sp| 
atomic wt 114.82, [indigo, because of its blue line in the specs!* 
tram] .' i.V§| 

in di um-111 ( M1 InX A cyclcmtm-produced radionucU&wiA t)|| 
half-life of 2.8049 days and with gamma ray .emissions of 17 H-ii^. 
and 245.3 kUoelectron volts. In a chloride form, it is used at i^M 
hone marrow and tumor-localizing tracer, m a chelate form, as i';^ 
cerebrospinal fluid tracer. It is also used as a white blood 
labeling agent and as an antibody label. 

i. chloride, u trichloride, Ct 3 In; used ui electron microscopy to^| 
stain nucleic acids in thin tissue sections. . ^-g 

m di um-113m C 113 ^)* A radioactive isomer of ,I3 In; it ha$i^ 
half-life of 1.658 hours; it has been used in cisternography and a 
a diagnostic aid in cardiac output • f ^ 

In-di vid u a tion (m^-vid^o^'smln). 1* Development of ^| 
individual from the specific. 2. In jungian psychology, meproce3;<j| 
by which one*s personality Is differentiated, developed, and c&M 
pressed. 3. Regional activity in an embryo as a response to so-^| 
organizer. 4 . • 

In do cy a nine green (in-d5-stfi-nEn). A tricarbocyaninc <$|| 
that binds to serum albumin and is used in blood volume deter*^|| 
nations and in liver function tests. ■ 

in do cy bin (in-d5-sTl>in). syn psilocybin. V.)§ 

in dol ac e tn ria (in'd6l-as-eVtoo'r6-ax Excretion of an 
able amount of indoleacetic acid in the mine; a rnanifestatiw 
Hartoup disease, also seen in patients with carcinoid tumor&v;^^ 

in dol a mine (in-dcl'fi-men). General term for an indole »«*'^| 
dole derivative containing a primary, secondary, or tertiary a^-^ 
group (e.g.. serotonin). ' "'^.Jg 

in dole (jn'del). 1. 2,3-Benzopynole; basis of many t" 010 ^^^ 
active substances (e.g., serotonin, tryptophan); formed in dtp«fe| 
tion of tryptophan, syn ketole. 2. Any of many alkaloids (XXS ^M 
ing the I. (1) structure. ;£p 

in do-lent Cm'do-lent). Inactive; sluggish; painless or 
said of a morbid process. fL. in- neg. + doleo, pr. p. dolens\<^ 
to feel pain] 

in dol ic ac ids (Jb-dailk). Metabolites of i^tryptophan ft 
within the body or by intestinal mjeroor^amsms; the print 
encountered in urine are indoieacetic acid, indolaacetylgl 
5-hydroxyindoleacetic acid, and indolelactic acid. 
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antenatal d-, syn prenatal d. 

clinical dL, a d. made from a study of the signs and symptoms of a 
disease. 

differential d* the determination of which of two or more dis- 
eases with similar symptoms is the one from which the patient is 
suffering, by a systematic comparison and contrasting of the clini- 
cal findings, syn differentiation (2). 

<L by exclusion, a d. made by excluding those diseases to which 
only some of the patient's symptoms might belong, leaving one 
disease as the most likely <t, although no definitive tests or 
findings establish that dL 

laboratory <L» a d. made by a chemical, microscopic, microbio- 
logic, immunologic, or pathologic study of secretions, discharges, 
blood, or tissue. 

neonatal <L, systematic evaluation of the newborn for evidence of 
disease or malformations, and the conclusion reacted, 
pathologic dL, a <L, sometimes postmortem, made from an ana- 
tomic and/or histologic study of the lesions present 
physical dL, (1) a d made by means of physical examination of 
(he patient (2) the process of a physical examination* 
prenatal 6% dL utilizing procedures available for the recognition 
of diseases and malformations in utero* and the conclusion 
reached, syn antenatal d. 
jdiagnos-tic (dl-ag-nos'tik). 1* Relating to or aiding in diagnosis. 
2. Establishing or confirming a diagnosis, 
di ag nos ti cian (df ag-nos-tish'an). One who is skilled in mak- 
ing diagnoses; formerly, a name for specialists in internal medi- 
cine.* . 



flow d., a d. composed of blocks connected by arrows represent! 
ing steps in a process such as decision analysis. 
B Venn d» pictorial representation of the extent to which tw^ 
more quantities or concepts are mutually inclusive and exdusfr£C 



Diagnostic and Statistical Manual of Mental Disorders 
(DSM). A system of classification, published by the American 
Psychiatric Association, that divides recognized mental disorders 
into clearly defined categories based on sets of objective criteria. 
Representing a majority view (rather than a consensus) of hun- 
dreds of contributors and consultants, DSM is widely recognized 
as a diagnostic standard and widely used for reporting, coding, 
and statistical purposes* 

The first edition (1952), based on the sixth revision of the 
International Classification of IXseases (JCDSU was in- 
tended to promote uniformity in. the namin g and reporting 
of psychiatric disorders. It contained definitions: of all 
named disorders, but no sets of diagnostic criteria. While 
its classification of mental disorders showed the influence 
of Freudian psychoanalysis, its nomenclature (e.g^ depres- 
sive reaction, anxiety reaction, schizophrenic reaction) re- 
flected the theories of Adolf Meyer (1866-1950). The 
second edition {DSM-JT, 1968) preserved the psychoana- 
lytic orientation but dropped the "reaction** terminology. 
The thrrd edition (OSAF-7Z7, 1980) abandoned much of the 
rigidly psycaodynaraic thinking of the earlier editions and, 
for the first time, provided explicit diagnostic criteria and 
introduced a multiaxial system whereby , pUfferenl aspects 
of a patient's' condition could bo separately assessed. 
Briefly stated, the axes are J, clinical disorders; ft, person- 
ality disorders and mental retardation; IE, general medical 
disorders; IV, psychosocial and environmental stressors; 
and V, overall level of functioning. A revised version of 
the third edition (DSM-fflK 1987) incorporated a number 
of irrrprovements and clarifications. The. fourth edition 
{DSM-IV) appeared in May, 1 994. It follows Hs two prede- 
cessors closely in general outline, and like them is coordi- ■ 
nated' with and partly derived from ICD>9. For many ob- 
servers, the most significant change in DSM-IV is the 
renaming of the category formerly called "Organic Mental 
Syndrome? and Disorders" as "Delirium, Dementia, and 
Amnestic and Other Cognitive Disorders," a shift in termi- 
nology intended to avoid the implication that mental disor- 
ders in other categories are not organic 

di a gram. A simple, graphic depiction of an idea or obiecu 
Dienalde ct, syn rriaxial reference system. 
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di-a-fclne-sis (dTfi-ki-nS'sis). Final stage of prophase in meiosls f S 
in which the chiasmata present during the diplotene stage (fisap^ 
pear, the chromosomes conti nne to shorten, and the nucleolus 
nuclear membrane disappear. [G. dia, through, + hnZsis, 
ment] 

dial (dT&l, dH). A clock face or instrument resembling a 
face. [L. dies, day] y-M 
astigmatic dL, a diagram of radiating lines, used to test for ast& 



Di a-Us ter (dT-aWter). An obsolete name for a genus of 
ria, the type species of which, D. pneumosfntes, is now placed; n 
the genus Bacteroidcs. 

diallyl (<&-al'iI)- A cornpound containing two allyl groups. ; 

di-al'y-sance (df-aTi-sans). The number of milliliters of bio 
completely cleared of any substance by an artificial kidney or . ? 
peritoneal dialysis in a unit of time; conventional clearance for*? 
mulas arc expressed as ounmun. [fr. dialysis] *S 

dialy sate (dl-al'i-sSt). Thai part of a inixture that pass&j 
through a dialyzing membrane; the material that does not 
through is referred to as the retentate. syn diflusate. 

di al y sis (dl-all-sis). X, A form of filtration to separate crj 
loid from colloid substances (or smaller molecules from 
ones) in a solution by interposing a senur^rrneable men.- ^ . 
between the solution and dialyzing fluid; the crystalloid (small if), 
substances pass through the membrane into the dialyzing fluid 
the other side, the colloids do not 2. The separation of substance^ 
across a semipermeable membrane on the basis of particle &ifc|§ 
and/or concentration gradients. 3. A method of artificial tidneyr 
function. [O. a separation, fir. dialyo, to separate] 
continuous ambulatory peritoneal d. (CAPDX method of pep 
toneal d. performed in ambulatory patients with influx and eu!jg& 
of dialysate during normal activities. . , . ' 

equilibrium d^ in immunology, a method for deterrmnation 
association constants for bapten-antibody reactions in a syfc&$M 
which the hapten (diary zable) and antibody (noncUalyzable) sorp- 
tions are separated by sermperrneable membranes. Since at eouj| 
librium the quantity of free hapten will be the same in the 
compartments, quantitative tetemtinations can be made of 1 
ten-bound antibody, free antibody, and free hapten, 
extracorporeal <L, hemodialysis performed through an 
outside the body, 

peritoneal 6% removal from the body of soluble substances 
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Abstract 

Blood genomic profiling has been applied to disorders of the blood and various organ systems including brain to elucidate disease mechanisms 
and identity surrogate disease markers. Since most studies have not examined specific cell types, we performed a preliminary genomic survey of 
major blood cell types from normal individuals using microarrays. CD4 + T cells, CDS^ T cells, CD19 f B cells, CD56 + natural killer cells, and 
CD14* monocytes were negatively selected using the RosetteSep antibody cocktail, while polymorphonuclear leukocytes were separated with 
density gradient media. Genes differentially expressed by each cell type were identified. To demonstrate the potential use of such cell subtype- 
specific genomic expression data, a number of the major genes previously reported to be regulated in ischemic stroke, migraine, and Tourette 
syndrome are shown to be associated with distinct cell populations in blood. These specific gene expression, cell-type-related profiles will need to 
be confirmed in larger data sets and could be used to study these and many other neurological diseases. 
© 2006 Elsevier Inc. All rights reserved. 

Keywords: Blood; Humans; Gene expression; Microarrays; Genome; T cells; B cells; NIC cells; Neutrophils; Migraine; Stroke; Tourette 



Gene expression profiling of peripheral blood using 
microarrays has been applied to malignant and immune 
disorders, including leukemia, lymphoma, systemic lupus 
erythematosis, rheumatoid arthritis, and many others [1-4]. 
This approach has helped identify important diagnostic and 
prognostic markers as well as potential therapeutic targets. 
This approach has also been extended to many diseases of 
other organ systems. It is likely that many inflammatory, 
autoimmune, and genetic factors could affect gene expression 
of peripheral blood cells without causing overt changes to 
hematological and immunological phenotypes. Proof-of-prin- 
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ciple blood genomic studies have been performed in animals 
[5] and humans [6,7]. Subsequent studies have demonstrated 
characteristic blood genomic patterns for acute ischemic stroke 
[8], migraine headache [9], Tourette syndrome [10], renal cell 
carcinoma [11], multiple sclerosis [12], benzene exposure 
[13], trauma [14], and neurogenetic disorders including 
neurofibromatosis type I, tuberous sclerosis type II, Down 
syndrome [7,15], and Huntington chorea [16]. The study of 
blood gene expression profiles appears to be a promising 
approach that may provide mechanistic insights and surrogate 
markers for many diseases. 

Several blood RNA isolation methods have been used to 
date. These include methods starting with whole blood, 
mononuclear cells, and buffy coat [6,7,11,14,17,18]. How- 
ever, the RNA isolated using these methods comes from 
various blood cell subsets that originate from different 
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developmental lineages, perform separate and distinct bio- 
logical functions, and, most likely, have very different geno- 
mic expression signatures. It has been recognized that age 
and gender and the different composition of blood cells from 
each individual represent a major source of normal variation 
of blood gene expression [6,7]. In addition, a disease may 
predominantly affect one specific blood cell subtype while 
sparing others. Therefore, characterizing the contribution of 
every blood cell subtype to the overall blood genomic pattern 
may be essential to distinguish significant genomic changes 
from noise, interpret the disease-related patterns, and decide on 
the proper blood cell types to perform follow-up confirmatory 
analyses. 

Expression profiles of blood cells such as T lymphocytes 
[14,19] and platelets [18,20] have been described. However, 
studies that compare directly the whole genomic expression 
profiles of several major blood cell subtypes have not been 
performed in detail. In this study, we attempted to build a 
preliminary gene expression database by comparing major 
leukocyte subsets from three healthy donors, including 
polymorphonuclear cells (PMN), monocytes, B cells, CD4 + T 
cells, CD8 + cytotoxic T cells, and natural killer (NK) cells to 
determine whether there is likely to be a unique expression 
signature of each cell type. To demonstrate the utility of these 
expression signatures, we applied these data to the whole blood 
genomic profiles of several neurological diseases that we have 
studied previously, including acute ischemic stroke [8], 
migraine [9], and Tourette syndrome [10], to demonstrate that 
the blood genomic signatures of each of these conditions can be 
ascribed to certain blood cell subtypes being affected by each 
disease. Future studies likely could determine not only whether 
hematological and systemic diseases affect gene expression in 
specific subsets of blood cells, but also whether the diseases 
affect specific signaling pathways in specific subsets of cells in 
blood. 

Results 

Qualitative analysis 

The numbers of "present" and "unique" genes for each cell 
type are listed in Table I. Of the 54,675 genes, higher 
percentages of the genes are expressed (present) by lympho- 
cytes, including B (36.6%), CD4 (36.4%), CD8 (35.3%), and 
NK cells (36.2%), than by monocytes/platelets (31.9%) and 
PMNs (24.0%). However, there are higher percentages of 
unique genes for PMNs (1.2%) and monocytes/platelets (0.9%) 
than for lymphocytes (0-0. 6%) (Table 1). Among the 
lymphocytes, B cells have the highest number of characteristic 
genes, while unique transcripts for T cells are relatively scarce 
due to the largely similar profiles for T cell subsets CD4 + and 
CD8 + and the profiles for NK cells. 

Quantitative analysis 

Among 54,675 genes (probe sets) on the array, a total of 
2635 are differentially expressed between the blood cell types 



Table 1 

Results of the qualitative analysis 



Cell type Number of Percentage of Number of Percentage of 

present probe present probe unique probe unique probe 
sets sets sets sets 



PMN 


13,139 


24.0% 


155 


1.2% 


CD 14* monocyte 


17,426 


31.9% 


152 


0.9% 


or platelet 










CDlfT B cell 


20,009 


36.6% 


120 


0.6% 


CD4*Tcell 


19,909 


36.4% 


24 


0.1% 


CDS' T cell 


19,321 


35.3% 


8 


0.0% 


CD56* NK. cell 


19,777 


36.2% 


42 


0.2% 



A total of 54,675 probe sets that examined approximately 39.500 genes were 
surveyed on each array. "Present" probe sets include probe sets that have 3 
present detection calls for a specific cell type regardless of the calls for other cell 
types. ''Unique" probe sets include probe sets that have 3 present calls for a cell 
type and 1 5 absent calls for every other cell type. 



(parametric analysis of variance (ANOVA), p < 0.05 with 
Bonferroni correction), among which 269 are significant 
using a Student-Newman-Keuls post hoc test. For practical 
reasons, we focused on the 269-probe set list since it should 
contain the most characteristic genes and potentially contain 
genomic expression markers for each cell lineage. These 269 
genes/probe sets were mathematically separated into nine 
clusters of relatively unique expression profiles using a 
hierarchical algorithm [25] as demonstrated in Fig. 1. The 
pattern of expression of each gene in each cluster and the fold 
changes of the genes are shown in separate panels on the 
right side of Fig. 1 . In general the fold changes varied as 
much as 10- to 100-fold. The genes in each cluster are listed 
in Table 2. The left side of Fig. 1 not only shows the gene 
expression (y axis) for different blood cell types (x axis), but 
also shows the gene expression of the three individuals 
performed for each cell type. Note that the expression levels 
(red — fivefold increase; bright green — fivefold decrease) for 
each individual are extremely reproducible between cell types 
and between genes. This indicates that the microarray 
technological variables have a minimal effect upon the 
expression profiles shown in Fig. 1 and indicate that our 
criteria for selecting genes for each cell type are stringent and 
not significantly affected by individual differences at least in 
this preliminary study. 

Cellular origin of blood genes regulated by neurological 
diseases 

Fig. 2 represents a melding of the data from the current 
study with that from our previous disease-specific studies. The 
genes that were most highly regulated in ischemic stroke [8], 
Tourette syndrome [10], and migraine [9] were selected and 
the cell-specific expression of each of those genes (from the 
present study) is shown. As demonstrated in Fig. 2, the major 
genes up-regulated in whole blood after stroke were expressed 
mainly by PMNs and monocytes/platelets. The major genes 
up-regulated by Tourette syndrome were mostly from NK cells 
and/or CD8 + T cells. The major genes up-regulated by 
migraine were predominantly from platelets/monocytes, 
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Fig. t. A total of 269 genes that are differentially expressed between blood cell types (parametric one-way ANOVA followed by Student-Newman-Kculs post hoc 
test, p < 0.05, with Bonferroni multiple comparison correction) were subjected to a hierarchical cluster algorithm with Pearson correlation as a measure of similarity. 
(Left) Clusters of genes (nine clusters) with similar expression patterns are displayed from top to bottom {y axis), while cell types are displayed from left to right along 
the x axis. For each cell type the results of the three different individuals are shown adjacent to one another. The relative expression of each gene is color coded; red 
shows a fivefold increase and green shows a fivefold decrease. (Right, 1-9) Line graphs of genes segregated in the cluster analysis are shown for each of the nine 
clusters identified on the left. The.r axis shows the cell types and the v axis shows the relative expression values (log scale) as mean -1 standard deviation (log ratio). 



though there were some regulated genes from PMNs, CD4 + , 
CD8 + , and NK cells. 

Discussion 

This study surveyed the global expression profiles of six 
major subtypes of blood cells. These data support previous 
studies showing that T cells and even platelets have genes that 
are expressed in common, but also have genes that are fairly 
specific for each cell type and, perhaps more importantly, have 
different families of genes that tend to be expressed in a specific 
cell type compared to another cell type [14,18-20]. Character- 
ization of these profiles should help elucidate the molecular and 
genomic basis of the development, differentiation, and function 
for each cell type. 

Genes in cluster 1 are highly enriched in a monocyte/platelet 
population compared to other cell types. The recent literature 
shows that many genes from this cluster, such as CLU, GP1BB, 
PF4V1, and others (Table 2), are specifically expressed by 
platelets [18,20]. Cluster 2 represents genes enriched in PMNs 
and monocytes, while genes in cluster 3 are expressed 
exclusively by PMNs. Many genes in these two clusters play 
crucial roles in innate immunity. These include receptor 



molecules such as TREM1 [26], FPRL1 [27], and TLR2 [28], 
which are involved in microbial recognition and lead to 
phagocyte activation and the amplification of the inflammatory 
response. There are effector molecules such as MMP9 [29]; 
S100 proteins P, A9, and A12 [30]; and neutrophil cytosolic 
factors 1,2, and 4, which participate in the neutralization of and 
aid clearance of microorganisms and foreign materials, and 
scavenger molecules such as 1L1R2 [31] and TNFRSF10 [32] 
that help suppress excessive and harmful innate immune 
responses. In comparison, genes down-regulated in PMNs 
(cluster 5) did not provide many functional insights. The low 
expression of several ribosomal proteins and transcription 
elongation factor in this cluster may indicate a slower rate of 
protein translation in PMNs and is consistent with somewhat 
fewer RNA transcripts in this cell type (Table 1). 

Several molecules expressed by B cells (cluster 4) serve 
important central roles in B cell development, proliferation, and 
differentiation, such as MS4A1 [33], BLNK [34], and BANK1 
[35]. Other molecules, including immunoglobulins and HLA 
antigens, important for normal B cell functions, were also 
expressed (Table 2). While there are a few common genes 
between NK cells and T cells, most notably T cell receptor 
subunits and lymphocyte-specific tyrosine kinase (LCK) 
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Table 2 (continued) 



the quantitative analysis 




Common 


GenBank 


Description 


Common 


GenBank 


Description 


Cluster 1 SDPR 


NM-004657 


Serum deprivation response 


□ 1/3GTP 


AI972498 








(phosphatidylserine 






mRNA 






binding protein) 


ACRBP 


AB051833 


Arrn«;in-hinHmcj nrntpin 

AVlUolii UlllUIIIrl LJlUlwIll 


SDPR 


BF982174 


Serum deprivation response 


ARHGAP6 


NM_001174 


tvnU VJ J r dbC-dCUVdllllg 






f nh n *;rih a t i H vl <ipri n <» 






protein 6 






UlllUlflg piuicin^ 


C21orf7 


NMJ)20152 


Chromosome 21 open 




MM OfH 1 1 R 

IN 1VI„UW J 1 10 








reauing name / 








CA2 


M36532 


Carbonic anhydrase 11 


1 1 lL>o 1 


rpossj£7 


1 nroiiiDvJbpoiiuin 1 


CD 163 


NM_004244 


CD 163 antigen 


TD CIV /IT 1 

1 KLML1 




Triggering receptor 


CD36 


NM_000072 


tujo antigen 






exprcbbcu on myeioiu 






(collagen type I receptor, 






ceiis-iiKc 1 






thrombospondin receptor) 


TI TRR 1 

1 U 13 O 1 


INJV1_Ujv/ 1 O 


1 LlQUlin, p 1 


CD9 


NM_001769 


CD9 antigen (p24) 


pi,,,.),., *\ a my A 7 

Cluster z anaaj 




Annexin A3 


CLEC2 


NM_0 16509 


C-type lectin-like 


At UtJfcl^A 


1 T01RQ1 


Apolipoprotcin B mRNA 






rcceptor-2 






oHifir^r* i^ti'^v/ti^ f*ofil\f fir* 
CUUlIlg Cll/iy 1 1 IC, LdUll^Ul 


CLU 


M25915 


Clusterin 






polypeptide-like 3A 


CSPG2 


BF590263 


Chondroitin sulfate 


A ADQ 


Nlvl_UZUyoU 


Aquaporin 9 






proteoglycan 2 (versican) 


R A CD 1 


WU Afl^\ 1 7 
IN IV1_UU03 1 / 


Brain abundant. 


CXCL5 


AK026546 


i^nemoKinc mum ) 






[IlCIIIUrdllC alldUUCVJ 






ligand 5 






Siyildl piUlCHI 1 


CYP1B1 


NM_000104 


^yiocnrome r**ju. 


pni4 


MM 000^01 


y^Lj i n anugcii 






fVimilvr 1 cuKAinntlx/ R 

idimiy i. aiiuiainiiy d, 


CI FCSF17 
v^L»rv^o rii 


AF400600 


O-tvnp ('ralrhim-HpnpndpTit 






polypeptide 1 






firKnhvHrntf-rfvnonitirtn 


ELOVL7 


AW 138767 


MvnntHptirvil nmtvin 






Hnmain^ Iprtin 

VlV^llllllll / l^wLHI, 












ciinprfiiinilv nifmKpr 1 7 

SULIvl Idllliljr lllt-lllUVl 14. 


EMS1 


NM_005231 


EMS 1 sequence 




RC0007 1 S 








imdinrnary luinur dim 






rarhnhvHMlf-rwnonitinn 






bquaiiiuiio l/bl! 






UVJIIUliliy 1WCL1I1, 






Ltlrv, 11 lUI Iltl-dhhtXy id ICU 






Qimprfaitiil v nifiTihrr Q 






^poW/oJ> Olv bUDMiaU^ 


CREB5 


AI68Q7 JO 




F13A1 


NMJ)00129 


Coagulation factor XIII, 






element binding protein 5 






Al polypeptide 




MM 000760 
IN 1V1 UUU / OU 


Colony-stimulating 


FSTL1 


BC000055 


Follistatin-like 1 






idcior j> rcvcpior 


GNG11 


NM_004126 


Guanine nucleotide 






(granulocyte) 






binding protein 


UrvrZr4J4h>tJ44 


A T t 1£QfL 1 


Hypothetical 






(G protein), 7I I 






protein uivrZip A tJ 4 tt>U'f4 


GP1BB 


NM_000407 


Glycoprotein lb 


DK.rZp434H2 1 1 1 


Arv02o77o 


Hypothetical 






(platelet), (5 polypeptide 






protein DKj"Z i p4.)4ri.Zi 1 1 


HIST1H3H 


NM_003536 


Histone 1, H3n 


rCUKxA 


NM_Uz 1 o4z 


Fc fragment of IgG, 


1TGB3 


M35999 


Integrin, ^3 






low affinity I la, receptor 






(platelet glycoprotein 11 la, 






tor 






antigen ciJo 1 ) 


rLJZUZ / j 


MM 010077 


RNA-binding protein 


KIAA0626 


NM_021647 






A r <1/10Q^ 


rlliauve lNr-KD 


MS4A6A 


NM-022349 


Membrane-spanning 






activating protein 373 






A Hrtmunc ciinfinlilu A 

*t-ooindiii5>, buuidiiuiy /a, 


FLJ23091 


AA77S6R1 


Pntntivt* MF-k-R 






member 6A 






opliifotino i^n^pin ^7^ 

dLuvdiing pruictii j/j 


MYLK 


AA526844 


MQTPOSn ml? MA 


FT P11 S'* 


r\i\\) J\JAO 1 


T ilfptv nrthnlnty nf 

L^IR.Ciy UllUUlUg Ul 






complete cds 






mouse tumor 


PF4 


NM_002619 


r IdLClCl ldLlUi *t 






npom^i Q-*v -i nff 1 1 ppH 
hcvi wj> iiy^Ji ii iuuv tu 






^c.nciTiOK.irie ^v^-vy-i^ muiiiy 






aHtnrvcp-rf'IjitpH nrntpin 
aUiLiw^v iviaivU jjiuiciii 






i;„ .„j a\ 

ligand 4) 




RT'OOAAQO 


v-Fos FBJ murine 


PF4V1 


NM_002620 


Platelet factor 4 variant 1 






osteosarcoma viral 


PPBP 


R64130 


Proplatelct basic protein 






oncogene homolog 






(chemokine (C-X-C motif) 


rPKI 


kt\>( f\ATmn 
N M_UU2U2y 


Formyl peptide 






ligand 7) 






receptor 1 


PRKAR2B 


NM_002736 


Pmtpin Hiifl^f* 

I 1 vLvlll Kill liloVj 


GALNAC4S-6ST 


NM_0 14863 








cAMP-dependent, 


GPR86 


NM_023914 


G-protein-coupled 






regulatory, type 11, p 






receptor 86 


PROS1 


NM_000313 


Protein S (a) 


HIST2H2BE 


NM_003528 


Histone 2, H2bc 


PTGS1 


S36219 


Prostaglandin-endoperoxidc 


HSPC159 


AK025603 


HSPC159 protein 






synthase 1 (prostaglandin 


IL13RA1 


NM_001560 


Interleukin 1 3 receptor, a 1 






G/H synthase and 


IL1RN 


U65590 








cyclooxygenase) 


MNDA 


NM_002432 


Myeloid cell nuclear 


RIN2 


AL 136924 


Ras and Rab interactor 2 






differentiation antigen 
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Table 2 (continued) Tabic 2 {continued) 



Common 


GenBank 


Description 




Common 


GenBank 


Description 


Cluster z iNur i 




Neutrophil cytosolic 




\jriv i U7D 


MM 006018 


Piitntivp phpiimlf ini* itT**ntnr 






lactor i (4/ KiJd, 




HAT 
n M L 


mm nn?ios 








chronic granulomatous 




TT 1 TJ7 

JLl l\Z 




nuiiidii >uiuuiv iypv n 






disease, autosomal 1) 








intprlpnUn- 1 rt*cpnlnr 


iNUrZ 


tJUUU 1 ouo 


Neutrophil cytosolic 








m R MA rnnmiptp f*fic 
IIIIVliA, VUIlijJIClC tUo 






tactor z \oj kua, 




U ft 


mm onn^fcd 


liUt.riL.UMIi o 






cnruniL. guiiiuiuiiidiuiia 




IL8RB 


mm 001557 


lfitprli*iik in R rwentor tt 






UlbCdSC, dUlUaUIIIdl Z.) 






087291 


PntaQ^lum inwnrrllv 




MM 01^416 


iNCULrupnii cyiu&uuis 








rf»rlif\'incT rhannpl 






IdvlUI 4, 4U KXJd 








Qithfamilv 1 mpmhfr 1 5 

O L1L' 1 « J J li 1 V Jy IllWIliU^i 1 *J 




LI J7/4 


Nuclear factor (crythroid- 






RF1 1 1326 

or ill jiu 


Pntn^ium inwnrHlv 

i WLUDolUIll lllWUIsJlJf 






aenveu zj, 4 j Kua 








ICL-lll^Iflg ClldllliCl, 


pa nij. 

I AD 14 


lNiVI_vl Zjo 1 


rcpuuyi uTginini 








<iihfamilv 1 nipmhpr 2 

aliUI til 1111 V J, IIllsllH/l*l 






deiminase, type IV 




KRT23 


mm 015515 


T^f»mtin 23 ^hi<itiMiP 

fVWlilLllI X. ^ ^IlloLwlIW 


yl 1 1 


MM 0 1 74 1 1 
INIVI — VIZ** 1 j 


Glutaminyl-pcptide 








HpAFPtvla<;<* inrlnrihlp^ 






eye lo tran s ferase 




M AMQP 1 


MM 01X050 


yp P 






(glutaminyl cyclase) 








FT T 10298 
r L-J l \/Z"o 




ArU/004Z 


Regulator of G-protein 




MflAM 


MM 004fifiR 


ividiidctc — giuvUdiiiyidj>c 






signaling 18 










c i nn ait 


MM nwoi 


SI 00 calcium-binding 




IVl IVI c 


AT4'U461 


MpinKninp 

IVJVl UUI tlllC 






proiein a \z ^cdigrununn \~*) 








mptnllnpnHnnpntiHa<;p 

I1K.U1I HH.I KlWpt.j./llv.ltloV^ 


J> I UU7W 


mm nrnoA^ 


S 1 00 calcium-binding 








/neutral pnHnnpntiHncp 
^llvUUdl tllUUpcpLlUaoC, 






proiein r\y icdigrunuim v>) 








CI IKGJJI Id 1 1 1 IdoC, 




xiAjf aacz*>"7 
NM_UU50Z / 


Serum/glucocorticoid 














regulated kinase 




\aka on 
MMry 


NM-_UU4yy4 


Matrix metalloproteinasc 9 


bLC22A4 




Solute carrier family 22 








/opIntmQCp R Q2.lrDa 

^ HC luLilldoL O, 71 M7u 






(organic cation transporter), 








gCldlllUibC, Vl KUu ^yP^ " 






member 4 










cxir a 




Synuclein, ot 






Rn?51467 
DVJZJ J HO; 


lvlllUUIlUIltlJ ldl oUlULC 






/ tf\/-\f^_ A A Ct'\tX\T\t'\t\f*t\\ 

^ilOIl-/\H LUIIipUilCIll 








carrier protein 






nf* n m v 1 r\ i rl nrpf it pen r\ 




PBEF1 


BC02069 1 


Pre-B-cell colony 


I LKZ 


mm nm7A4 


"TVill lilc** rffcntiir 7 

loii-iiKc reccpior z 








pnhsnpino luotcxr 1 

Vlll Idllwlllg lO^lUI 1 


TF MA 
J LK4 


T JQ10Q1 






PROK2 


AF 182069 


Prnkinftirin 2 


TLR8 


AW8 72374 








mm onno^i 


Pros tag 1 an d in— endoperox i de 


I Mobr I 


NM_U2JUUJ 


Transmembrane 6 








synuicise z ^pruhidgidnuin 






superfamily member I 








u/n synindse dnu 


TMG4 


Br 905445 


Transmembrane 








cyclooxygenase) 






•y-carboxyglutamic acid 




qi nop 


mm nfKoan 

JN IV1_UU 


Q 1 fin. /^olnlnm KirtrlintT 

jiuu caiLium-Dinuing 






protein 4 








protein P 


TREM1 


NM_U 18643 


Triggering receptor 




oliL. 14L1 


A 101 777A 
A1U1 / / fx) 


ecru i:b« i 






expressed on myeloid 








(Scicchuroniyces cereviside) 






-nil. t 
cells l 




ilNrAlrO 


\3\A om 1 1 ^ 


Tumor necrosis factor, 


Cluster 3 ABCA1 


NM_AK)55U2 


ATP-binding cassette, 








ot -induced protein 6 






suoiamiiy a jadL-i ), 




TTxipDQpin/^ 
1 JNrRor 1 Uv^ 




Tumor necrosis factor 






member 1 








recepior aupendmiiy. 




mm nniQQS 


Acyl-CoA synthetase long- 








IIICIIIUCI 1 \JK,y UCVUj' 






chain family member 1 








without an intracellular 


a rw/ 
ADM 


xr\ * rtrt | l 0/1 
IN fvi_UU 1 1 24 


Adrenomedullin 








uorndiri 


C4BPA 


XTXjf f\f\(\1 \ < 

NM_UUU715 


Complement component 4 




VINiN 5 


MM OIS^QQ 

IN 1V1_U 1 OJ77 


vanin j 






binding protein, ot 


ciusier 4 


r\r^r\r Z 




rdruiciiiinin z 




MM fini817 


i^nemoKinc ^ utuiu^ 




ANXA2 


MM 004039 


AnncYin A2 






receptor 3 




ATP 1 
Air 1 oj 


I K 1 A7R 


ATPacp Wn + /lf + 

Ai rase, rva /iv 


CHI J LI 


MQOQ77 


Chitinase 3 -like 1 








U dllbpUI Llll^, 






(cartilage glycoprotein-39) 








|.^3 polypeptide 


CKLFSrZ 


AA77&552 


Chemokine-like factor 




D A XIV 1 


XIM rt!7Q7< 


B-cell scaffold protein 






superfamily 2 








with ankyrin repeats 1 


CYP4F3 


NM-000896 


Cytochrome P450, 




BLNK 


NM.013314 


B-cell linker 






family 4, subfamily F, 




CCDC6 


AK024913 


cDNA: FLJ21260 lis, 






polypeptide 3 








clone COLO 1441 


EMR3 


AF239764 


EGF-like module- 




CPVL 


NM.031311 


Carboxypeptidase, 






containing, mucin-like, 








vitellogenic-like 






hormone receptor-like 3 




CXXC5 


BC006428 


CXXC finger 5 


G0S2 


NM_0l57l4 


Putative lymphocyte 




DPYSL2 


NM.001386 


Dihydropyrimidinase-like 2 






G0/G1 switch gene 




FCRH3 


BF5 14552 


Fc receptor-like protein 3 



(continued on next page) 
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Table 2 (continued) Table 2 (continued) 



Common 


GenBank 


Description 




Common 


GenBank 


Description 


Pinter 4 FT T7066X 


A 1707896 


HvnAfhptieal nrntpin 

I 1 V |JUU It/Llwill LFIVJLLIII 


Cluster 5 


PP 


NM_021129 


Pyrophosphatase (inorganic) 






FLP0668 




RAFTLIN 


D42043 


Raft-linking protein 


flLn-U In 1 


M77487 
IV1Z > to ' 


N4ainr hwfnpAmnalihilitv 

IVIUJWI IIlolVVAJl.III.IUwl/ilIlY 




RPL10A 


NM_007104 


Ribosomal protein LlOa 






^Amnli^v pIqcc IT OP fv 1 
CUIHpiCA, Cluoa 11, Ul VL I 




SUCLG2 


AL0S0726 


Succinate-CoA ligase, 


HI A nPRI 


NM 007171 

1N1V1 UUZ J Z 1 


Mflinr hictoPArnnatihilitv 
ivjdjur iiioiuw-oiiipuLiuiii iv 








GDP-forming, |A subunit 






/*r\tvir\1*»v /^loco 11 liP (X 1 

compicA, cid^b it, Mi pi 




TCFRGl 


NM 006706 


Xrrtn vrintion plontTarion 


nLA-UKbi 


AJzV / JOO 


Major niMOCompuuDiniy 








rptrnlaJAr 1 (C A 1 501 






f»r\rr\r»1<»v pliicc TI I"1R f*. ^ 

LUinpicA, LidAA it, vj i\ pj> 




VPS45A 


AF165513 


Vacuolar protein 




A 1071QR4 
A1U/ J>yo*+ 


nutrition cunatnoUo 








snrtino 45 A fveastl 






sequence binding protein 1 






AROIR^RO 


A lHn-tptr» nvTi i Pta <p 


1ULJJ 


AJ /olZ 


Immunoglobulin X. joining 3 








fnmilv I mpmVipr C**^ 
lulltliy l, iiit/iiiuci J 


KYNU 


D55639 


Kynurcninase 








^ j -ex nyuroAyaicruiu 






(L-kynurenine hydrolase) 








uenyurugeridSL, iypc 


I IDA 


xi\ji aaattc 

in ivl_UUUz j J 


Lipase A, lysosomal acid, 






NM 0070^1 


Cn\ 60 antit»pn 






cholesterol esterase 






Jut 1 J-i 








(Wo 1 man disease) 








/ t^rtl v/npr\t iHp 

v, puiypcpuuc 


MOL^ / 10? 




nypuineiit-ui pruiein 








rriT3 enmnlexl 






Mf;r , 77165 

IVlvH^Z / 1 Oj 




EAT2 


RC022407 


ST-T7 flAmain-rnntaininp 


M<54A 1 

1VJ OtA 1 


RC002R07 


MpmHranp-<»nanniniJ 








molecule EAT2 






4-rlAmainc cnhfiniilv A 

t-UvHIlall lo, sUUltllllllV rt, 


Cluster 6 


GNLY 


M85276 


Homo sapiens 






mpmhpr 1 

1111,1 IIUVJ J 








NKG5 gene, complete cds 


\ACA A 7 


/\i ju l yjj 


lviciTiuranc^pariii ing 




GPR56 


AT 554008 


f~i-nrntpi n -eni i nl ed 






4-<tnmain<» ^nhfamilv A 

" vlv 1 1 tell i io, ouuiaii ii ijr / » , 








receptor 56 






tnptnhpr 7 




GZMB 


J03189 


Granzyme B 


NAP1L 




NJanQin R n«iP!iHAnpnp 








(granzyme 2, 


P7RYS 


U49396 


PiiWnproip rpppntAr P7^t 








cytotoxic 






ll^dllVi'^alCU lull ClluIlIiLl, J 








T-Ivmnhocvte- 


rUUzAr J 


xi\/i nnz77^ 

iNM_UUOZJJ 


POU domain, class 2, 








tjccrviifpn 
tlooUV luLCU 






associating factor 1 








CpWtIP PC^Pt^»CP 1 \ 
oClllIvy volCIUoC 1 J 


PR DY4 


NM 006406 

1 N 1 VI \J\J Lrr UO 


Pptty* i rpH a \ t n 4 




GZMH 


M361 18 


Granzyme H 


PDA D 1 

orAr 1 


A r ftllltl 

ALoJ^JDl 


SH2 domain-containing 








^CUulcpalll U 1 INL Z, 






piiuspiiciiasc alienor piuiciu 1 








nrntein h-CCPXI 




DCCQ77Q7 
arjyZ /oz 


1 ranscTipuun idLior *t 




TFTY 


AIR27411 

/A J OZ * tJ 1 


TntPrfpmn-inHiirihlp 


1 rDjz 


A A *74A71 

AAjz^TUzJ 


Tumor protein D52 








proicin y\ 


TRAF5 


XTA if AA/t K 1 A 


TNF receptor-associated 




If! DPI 
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Table 2 (continued) 

Common GenBank Description 



A total of 269 genes that are differentially expressed between blood cell types 
(parametric one-way ANOVA followed by Student-Newman- Keuls post hoc 
test, p < 0.05, with Bonferroni multiple correction) were segregated into nine 
clusters using a hierarchical cluster algorithm. Cluster 1, specifically expressed 
by monocytes/platelets. Cluster 2, highly expressed by PMNs and, to a lesser 
degree, monocytes/platelets. Cluster 3, specifically expressed by PMNs. Cluster 
4, highly expressed by B cells and, to a lesser degree, monocytes/platelets. 
Cluster 5, expressed by all cell types except PMNs. Cluster 6, highly expressed 
by NK cells and, to a lesser degree, CD8 + T cells. Cluster 7, highly expressed by 
CD4 + and CD8 + T cells. Cluster 8, highly expressed by CD4 + and CD8" T cells 
and NK cells. Cluster 9, highly expressed by CD8 + T cells and NK cells. Note 
that multiple probe sets for the same gene are presented only once. 



(cluster 8), NIC cells can be mostly distinguished by the higher 
expression of genes including NKG5, NKG7, N1CG2E, KLRD, 
and KLRF1 (cluster 6). Interestingly, genes originally cloned 
from cytotoxic T cells such as GZMB and GZMH (granzyme B 
and H) have a higher expression in NK cells but are also present 
in CD8 + T cells (Figs. 1 and 2; Table 2). The overall genomic 
patterns of CD4 + and CD8 + T cells are very similar and can be 
distinguished from other cell types by well-known T cell 
markers such as CD28 [36], IL7R [37], the chemokine receptor 
CCR7 [38], and others (cluster 7). Moreover, a novel gene, 
NELL2 [39], that is abundant in neural tissues is also highly 
expressed by both CD4* and CD8 + T cells. Not surprisingly, 
CD8 antigen distinguishes CD4 + and CD8 + T cells (cluster 9). 
In a recent study of T cells purified from buffy coats from 
healthy donors, approximately 50% of the genes in clusters 7 
and 8 in this study were present (6/11 and 5/1 1, respectively) 
[14], suggesting that these sets of genes are consistent even with 
different purification methodologies and different individuals. 

Several limitations of the current study need to be empha- 
sized. The purification of most of the cell types was less than 
desirable. However, it was for this reason that we identified 
gene clusters that are quite different from each other and then 
examined how these gene clusters related to the imperfectly 
separated cell types in blood (Fig. I). Using this approach we 
can say that the genes or gene clusters that are expressed only 
for a given cell type are in fact expressed by that cell type. 
Genes that appear to be expressed by two or more cell types 
might be shared between those cell types or could be expressed 
by only one cell type but could not be differentiated because of 
imprecise separation of cells. In addition, a given cell type is 
likely to have heterogeneous subtypes, and thus there are likely 
to be different gene expression signatures for these subtypes. A 
good example is CD4 + cells, among which are Thl and Th2 
CD4 + cells, which have very different functions in the immune 
system [40] and which were not differentiated in this study. 
Moreover, the increased expression by any given cell type could 
be due to a number of different factors including the numbers of 
cells. This is not likely to be a major factor since the changes in 
gene expression shown usually vary from 5- to 100-fold, and it 
is unlikely that the numbers of these types of cells vary this 
much. 

Other limitations of the results include the negative selection 
method of isolating the cells. Even though the selected cells do 
not undergo antibody binding used for positive selection, the 
negative selection likely activates complement that could affect 
the cells being surveyed. In addition, because the negative 
selection method does not produce pure populations of cells, it is 
possible that the contaminating cells activate the primary cells 
being isolated. Therefore, any given profile for each cell type 
could represent some degree of activation of the cells. Since the 
data at least for the three individuals examined look fairly con- 
sistent, if there is nonspecific activation of cells with negative 
selection at least it is fairly consistent from one experiment to the 
next. 

An additional limitation of the current study was the inability 
to distinguish gene expression by platelets from gene expression 
by monocytes because of the negative selection methods used. 
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Fig. 2. Cellular origins of genes that have previously been shown to be regulated by ischemic stroke [8], Tourette syndrome [10], and migraine [9], These genes were 
identified from RNA isolated from whole blood by comparing to healthy controls and patients with other diseases. Genes regulated by each disease are listed from top 
to bottom (v axis) and their relative expression in each blood cell type is color coded and displayed from left to right (x axis). The list of displayed genes from the top 
down for each disorder follows and the genes are numbered and named according to the Aflymetrix probe sets: ischemic stroke, 2061 1 l_at (RNASE2), 239893_at, 
234632_JL_at, 206209^at (CA4), 203936-s_at (MMP9), 244218^at, 206177_s^at (ARG1), 20435 l_at (SI OOP), 232595_at, 228758_at (BCL6), 240440_at (MPL), 
225899_x_at (LOC349114), 227129_x-at, 232958_at (PYGL), 205118_iit (FPR1), 228642_at, 231029^ 204714_s_at (F5), 214290^t (HIST2H2AA), 
218280_x_at (H1ST2H2AA), 222303_at, 205863_at (S100A12), 203535_at (SI00A9), 206584_at (LY96), 200999_s_at (CKAP4), 207038_at (SLC16A6); Tourette 
syndrome, 2 1 2775_at (KI AA065 7), 207860_at (NCR 1 ), 207796_x_at (fCLRD 1 ), 207 723_s_at (KLRC3), 206785_s_at (KLRC 1 ), and 2 1 0 1 64^at (GZMB); Migraine, 
214469-at 0fISTlH2AE), 206494_^_at (ITGA2B), 204627_s_at (ITGB3), 216261_at (ITGB3), 209301_iit (CA2), 208791^at (CLU), 207156-at (HIST1H2AG), 
217216_x_at (MLH3), 204838_s^t (MLH3), 200665-5^1 (SPARC), 2 1 0299-S_at (FHL1), 206272^at (SPHAR), 201818_at (FUI2443), 211506^Su_at (IL8), 
209864_at (FRAT2), 202859_x_at (IL8), 201473_at (JUNB), 2!7!43-s_at (TRD@), 210031_at (CD3Z), 205898_at (CX3CR1), 201272_at (AKR1BI), 202567^1 
(SNRPD3) 204655_at (CCL5). 



However, gene expression profiles for platelets have been 
published [18,20]. It is notable that platelets lack a nucleus and 
nuclear DNA, and hence the mRNA found in platelets is derived 
from the megakaryocytes that form the platelets. A similar 
situation exists for red blood cells, which contain mRNA but 
have no nucleus or nuclear DNA. The importance of 
differentiating platelet from monocyte RNAs is emphasized 
by the data in Fig. 2. Even though stroke and migraine appear to 
express genes in both platelets and monocytes, careful 
examination of the gene lists for both shows that in stroke the 
genes induced are mainly in monocytes, and in migraine the 
genes are induced mainly in platelets (see below). It is certainly 
possible that a genetic disease like migraine could be associated 
with changes in gene expression in platelets and not other 
cellular elements in the blood. This is emphasized by a number 
of clinical studies in migraine as mentioned next. 



Finally, it is important to reemphasize that the data shown 
in this study are for expression in three normal, healthy 
individuals, and the data for the three diseases were obtained 
by comparing the published disease-regulated genes to the 
genes expressed by different cell types in the healthy persons 
in this study. The expression profiles for the individual cell 
types shown here can be viewed only as being preliminary, 
since only three individuals were studied. Large numbers of 
individuals may be necessary to derive reliable gene profiles 
for individual cell types in blood, since age, gender, race, 
genetic background, lifestyle, diet, concurrent diseases and 
medications, and many other factors are likely to influence 
cell type-related gene expression. The current study does, 
however, emphasize the need for future studies to isolate 
these cell types in individuals with each disease and replicate 
the gene expression profiles for each cell type in each 
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individual with each disease. An unexpected benefit to isolating 
individual cell types was that the fold differences of gene 
expression is 10- to 100-fold, compared to fold changes in whole 
blood, at least in neurological diseases, on the order of 2- to 3- 
fold [6-10, 1 3- 1 7,41], The ability to detect high fold changes in 
these cell-specific data could be due in part to removal of high- 
abundance RNAs that populate whole blood and in part to using 
an approach that highlights cell differences rather than averaging 
them. 

The data shown suggest that the cell type-specific data 
could serve as a powerful guide to understanding the relative 
contribution of each cell type to the overall gene expression 
profile caused by various diseases. The data show that 
different neurological diseases affect gene expression through 
distinct blood cell populations. Tourette syndrome, a 
neuropsychiatric tic disorder that has been proposed to be 
caused by an autoimmune response to streptococcus at least 
in some patients [42,43], appears to be associated with 
changes in gene expression in NIC cells and/or CD8 + cells 
based upon the results of this study and our previous findings 
[10]. In contrast, the blood genomic response following acute 
ischemic stroke was predominantly from PMNs based upon 
the current findings and those of our recent ischemic stroke 
study [8]. This agrees with human and animal studies 
showing that polymorphonuclear cells are the major cell 
type that initially infiltrate areas of cerebral infarction 
following stroke and appear to play a major role in 
pathogenesis [44-46]. Importantly, infection and predisposi- 
tion to inflammation may be risk factors for stroke [47]. In 
comparison, the blood genomic pattern for migraine headache 
is more heterogeneous, with several blood cell types affected, 
including platelets and monocytes. Platelets and abnormalities 
of serotonin in platelets have long been implicated in the 
pathogenesis of migraine and its genetic basis and may 
contribute to an increased risk of stroke [48-51]. These data 
suggest that although neuroinflammation plays a crucial role 
in the pathological process of both cerebral ischemia [52] and 
migraine [53], the involved blood cells and genes are distinct. 
This further underscores the importance of identifying the 
blood cell types associated with a given disorder, to formulate 
mechanistic hypotheses and accurately characterize surrogate 
blood markers for diagnostic, prognostic, and treatment 
purposes. 

Materials and methods 

Separation of blood cell subtypes 

Blood was drawn from three healthy donors for all cell subsets. The 
donors were healthy, ages 32, 33, and 59; two were male; and none had any 
concurrent infection or major medical illnesses. Subsets of mononuclear cells 
including CD4 + T cells, CD8 + T cells, CD19 + B cells, CD56T NK cells, and 
CD 1 4* monocytes were enriched using the RosetteSep negative selection 
method (StemCell Technologies, BC, Canada). This method was chosen as it 
provided a short processing time and the desired cell types remain largely 
undisturbed. This method thus helped to minimize potential alterations in 
gene expression due to excessive handling during the cell isolation and to 
avoid possible effects of positive selection of cells on gene expression 
[21.22]. For each cell subtype, 8 ml whole blood was drawn into Vacutainer 



CPT cell preparation tubes that contained sodium citrate and Ficoll (Becton- 
Dickinson, NJ, USA). Four hundred microliters of RosetteSep antibody 
cocktail was added to each tube and incubated for 20 min at room 
temperature. The antibody cocktail cross-links unwanted cells in whole blood 
to red blood cells, forming immunorosettes with increased density. After 
incubation, the blood collected in the CPT tubes was centrifuged for 20 min 
at 1800 g to precipitate the unwanted cells and precipitate free RBCs. The 
desired cells, not labeled with antibody, were collected from the plasma:Ficoll 
interface and washed once with PBS and the RNA was isolated using Trizol 
reagent. The purity of cells separated with this protocol was 90 ± 5% for 
CD4 f T cells, 76 ± 8% for CD8 4 T cells, 81 ± 8% for CD19' B cells, 
74 ± 10% for CD56^ NK cells, and 69 ± 12% for CD14 + monocytes 
(mean ± SD) according to confirmatory flow cytometry data provided by the 
manufacturer. 

It is noted that platelet contamination has been reported for CD14 + 
monocytes using the RosetteSep enrichment method. Therefore, the "monocyte" 
gene expression pattern obtained in this study may come from both monocytes 
and platelets and is therefore referred to as "mono/platelet" in the text. However, 
importantly, platelet contamination is not seen in lymphocyte enrichments as the 
lymphocyte enrichment cocktails contain anti-CD36, which removes platelets 
along with monocytes. 

For the separation of PMNs, 6 ml sodium citrate-anti-coagulated venous 
blood was carefully layered on 3 ml leukocyte separation media (Histopaque- 
11 1 9 and Histopaque-1077; Sigma- Aldrich, St. Louis, MO, USA), After a 700# 
centrifugation for 30 min at room temperature, the "mononuclear" layer together 
with fluid within 0.5 cm of this layer was aspirated and discarded, while the 
"granulocyte" layer was transferred to a new tube and washed once with 
phosphate-buffered saline. The purity of the PMNs obtained was -98% based 
on microscopic examination after Wright-Giemsa staining. 

RNA isolation 

The collected pellets of each cell subtype were immediately homogenized 
with Trizol reagent (Invitrogen, Carlsbad, CA, USA). The aqueous phase 
containing RNA was separated by centrifugation after adding chloroform. RNA 
was recovered by precipitation with isopropyl alcohol and washed with 75% 
ethanol. RNA samples were quantified using a NanoDrop ND-1000 
spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) and the 
quality was assessed using an Agilent 2100 bioanalyzer (Agilent, Palo Alto, CA, 
USA). We processed RNA only when the A 2 tfjA im absorbance ratio of the 
cleaned RNA exceeded 2.0 and 28S/1 8S ratio equaled or exceeded 1 .8 for these 
microarray studies. 

Microarray processing 

For each blood cell subtype (CD4 + T cells, CD8* T cells, CD19 + B cells, 
CD56" NK cells, CD14 + monocytes, and PMNs), 25 ng total RNA was 
labeled using a two-cycle target labeling protocol and hybridized to arrays. A 
total of 36 (6 arrays for each cell type, for three subjects, with technical 
duplicates done for each) AtTymetrix Human 2.0 Plus arrays were used 
(Affymetrix, Santa Clara, CA, USA) in this study, with each array containing 
54,675 probe sets referred to as such or as "genes" in the text. Six arrays for 
each cell type were used for each of the three subjects (n = 1 8 arrays), and 
technical duplicates of these were then processed (n = 36 arrays total). The 
probe sets were on one chip that surveyed 47,000 transcripts from -39,500 
potential human genes (Affymetrix Technical Manual). Sample labeling, 
hybridization to chips, and image scanning were performed according to the 
Affymetrix Expression Analysis Technical Manual. 

Data analysis 

After the arrays were scanned, the raw expression values (probe level 
data) for each gene were saved in Affymetrix. eel and AfFymetrix.dat files. 
The probe level data were then collated using GC-Robust Multi-array 
Average (GCRMA-EB) software (http://www.bioconducior.org/). This in- 
volved nonlinear background reduction, quantile normalization, and summa- 
rization by median polishing [23,24]. The technical replicates were averaged, 
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and therefore the analyses were performed on 1 8 independent data sets (three 
individuals and six different cell types for each individual). We used both 
qualitative and quantitative methods to assess the expression signatures of 
each cell type. 

Qualitative method 

This method was used to determine genes that are uniquely expressed by 
each cell type. Afrymetrix GCOS software was used to generate "detection 
calls," i.e., "present," "absent," or "marginal," for each gene on each array 
based on Wilcoxon's signed rank test (htm:/Avww.afVymetrix. corn/support/ 
technical/technotes/statistical_jieference_guide.pdf). Briefly, the present genes 
represent transcripts that can be clearly detected by arrays, while the absent 
calls are generally given to transcripts that are below the detection threshold 
and cannot be reliably distinguished from noise. We determined the number 
of genes that are present in each cell type (with 3 present calls in three arrays 
regardless of calls from other cell types) and the number of genes that are 
present only in each specific cell type (with 3 present calls in three arrays and 
15 absent calls in all other cell types). This method tends to eliminate genes 
that are marginally associated with a given cell type. As noted above, the 
technical replicates were averaged together for this qualitative analysis and 
the quantitative analysis that follows. 

Quantitative methods 

The probe level data from .eel files were first collated using Robust Multi- 
array Average (RMA) software (http://www.bioconductor.org/). After nonlinear 
background reduction and quantile normalization and summarization, probe 
level data were generated by median polishing each gene to produce a 
quantitative expression assessment in each cell sample [23,24]. Genes that were 
differentially expressed among cell subtypes were identified using a parametric 
one-way ANOVA followed by the Student-Newman-Keuls post hoc test with 
subtype as the variable (GENESPR1NG 7 software; Silicon Genetics, Redwood 
City, CA, USA). The type I error probability value (p value) was corrected with 
the Bonferroni method for multiple test comparisons and p < 0.05 was 
considered significant. The identified genes were subjected to a hierarchical 
cluster analysis using Pearson correlation as the similarity measure (Fig. 1). 

Cellular origin of genes regulated by ischemic stroke, migraine, and 
Tourette syndrome 

The genes up-regulated by ischemic stroke, migraine, and Tourette 
syndrome were identified in three previous studies by comparing these 
conditions to healthy controls and patients with other neurological disorders. 
RNA isolated from whole blood was used for all of these previous studies. The 
ischemic stroke study was performed using U133 2.0 Plus arrays [8], while the 
Tourette and migraine studies were carried out using human U95Av 2 arrays 
[9,10]. For the ischemic stroke study 45 stroke samples were compared to 14 
healthy control samples [8]. For the migraine headache study 22 patients with 
migraine were compared to 56 control samples from patients with a variety of 
other disorders [9]. For the Tourette syndrome study, 1 6 patients with Tourette 
syndrome who had at least one first degree relative with Tourette syndrome were 
compared to 1 1 3 samples from control patients with a variety of other disorders 
including epilepsy and headache and healthy controls [10]. With the current 
subtype-specific expression data, we attempted to address the cell types that are 
affected by each disease. To make a direct comparison, genes from Affymetrix 
U95Av 2 arrays were matched to genes on the Afrymetrix U 1 33 2.0 Plus arrays 
through the Netaftx database (www.arrynietrix.coni) and their expression across 
different blood cell types was examined and visualized (Fig. 2). 
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